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Gibberellins are important endogenous plant growth
regulators. A new study has revealed an unexpected
role for gibberellin-regulated transcription factors in
promoting root growth; this depends on signaling
from another plant hormone, auxin, suggesting that
auxin promotes root growth by modulating the
cellular response to gibberellins.
Gibberellins are a class of terpenoid molecules that
can act as plant growth regulators. This class was dis-
covered through the investigation of sick rice plants
that were infested by the fungus Gibberella fujikuroi.
In 1926, Eiichi Kurosawa determined that a substance,
dubbed gibberellic acid, secreted by the fungus was
causing the disease. Subsequently, it was realized
that gibberellic acid is an essential endogenous regu-
lator of plant growth. A large number of different
gibberellins have been identified to date, but only few
of them are biologically active.
The involvement of gibberellins in plant development
is manifold (Figure 1). Gibberellic acid is essential for
seed germination, promotes stem elongation and, in
some plants, helps control the shoot transition from
vegetative to reproductive development [1]. In recent
years, tremendous progress has been made in
deciphering the genetic basis of gibberellic acid action
by analysis of Arabidopsis mutants with defects in gib-
berellin biosynthesis or signaling. For example, ga1
mutant plants have severely decreased gibberellin
levels because of a defect in the enzyme for the first
committed step of gibberellin biosynthesis, and have a
pleiotropic phenotype that can be rescued by external
application of gibberellic acid [2]. Adult ga1 plants
display severe dwarfism due to a lack of stem elonga-
tion. This dwarfism can be partially rescued by reces-
sive mutations in the gibberellin-response gene
Repressor of GA1 (RGA). Adding another recessive null
mutation in the synergistically acting GA Insensitive
(GAI) gene — which only weakly suppresses ga1 by
itself — restores wild-type stem growth [3,4]. RGA and
GAI encode two highly similar transcription factors of
the GRAS family [5]. 
The inhibitory effect of gibberellic acid on the
activity of RGA and GAI requires the DELLA motif, an
amino-terminal domain found in a subfamily of GRAS
proteins. How gibberellic acid regulates the activity of
GAI through this domain remains unclear, but the
DELLA domain is essential for the strong decrease in
nuclear abundance of RGA in response to gibberellic
acid treatment [6,7]. In summary, ga1/gai/rga triple
mutants display a wild-type stem elongation rate,
indicating that, in wild-type plants, gibberellic acid is
necessary to release the inhibitory effect of RGA and
GAI on this process. In a series of elegant experi-
ments, Fu and Harberd [8] have now shown that this
interplay between gibberellic acid and the GAI and
RGA factors has a pivotal role, not only in the growth
of stems, but also in the growth of plant roots.
Primary roots are shortened in ga1 seedlings, but
because of the pleiotropic nature of the ga1 mutation it
was unclear whether this is a direct consequence of the
decrease in gibberellin content. Fu and Harberd [8],
however, followed up on the finding that GA1 is highly
expressed in rapidly growing tissues, including root tips
[9]. They found that the short root phenotype of ga1
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Figure 1. Gibberellic acid signaling in the generation of the
adult body plan of Arabidopsis.
Adult plant tissues are formed by meristems located at the
ends of the primary body axis of seedlings, the shoot and root
tips. Formation of the aerial body parts by the shoot meristem
involves the growth of the stem. The role of the plant hormone
gibberellic acid in stem growth has been well established.
Gibberellic acid enables growth by inhibiting the activity of
synergistically acting suppressors of stem growth, the
transcription factors RGA and GAI. Now Fu and Harberd [8]
have demonstrated that the same pathway also acts in the root.
As in the stem, RGA and GAI have to be inactivated to enable
root growth. In the root, however, another plant hormone that
flows from the shoot tip to the root tip, auxin, is required for the
inactivation of RGA and GAI, suggesting that auxin modulates
the cellular response to gibberellic acid. Whether auxin also
modulates gibberellin-mediated inactivation of GAI and RGA in
stem growth and whether the same cascade has a role in the
growth of side shoots and lateral roots remains unclear.
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mutants could be rescued by application of exogenous
gibberellic acid. They then used a simple trick to elimi-
nate potential indirect effects of the shoot on root
growth. In Arabidopsis seedlings, primary root growth
depends on polar flow of auxin from the shoot tip to the
root tip [10]. Only later in development do root meris-
tems become auxin self-sufficient to sustain their own
growth. So decapitating the shoots of seedlings a few
days after germination results in strongly decreased
primary root growth as a result of the lack of shoot-
derived auxin. This effect can be suppressed if auxin is
applied externally to the site of decapitation. When ga1
mutants were decapitated, gibberellic acid had to be
applied in addition to auxin to restore root growth,
demonstrating that gibberellic acid is indeed necessary
to restore wild-type functions, not only in ga1 shoots,
but also roots.
Fu and Harberd [8] next determined whether
gibberellic acid and auxin also act together in promot-
ing root growth of wild-type seedlings. To this end,
they expressed, in a wild-type background, a fusion
protein of RGA linked to the green fluorescent protein
(GFP) to monitor whether gibberellin-mediated reduc-
tion of nuclear RGA abundance requires auxin signal-
ing. They found that, in intact seedlings, GFP–RGA
completely disappeared from the nuclei of root tip cells
within two hours of gibberellic acid treatment. Strik-
ingly, though, GFP–RGA was stabilized in gibberellic
acid-treated roots of decapitated wild-type seedlings.
This was not the case, however, if the roots were
simultaneously treated with auxin. Auxin is thus nec-
essary to enable gibberellic acid to exert its effect on
GFP–RGA abundance. The authors corroborated this
result in seedlings in which the polar auxin flow or
auxin signaling was blocked in alternative ways. In one
particularly daring experiment, by using RNA interfer-
ence (RNAi) they systemically suppressed expression
of PIN FORMED 1 (PIN1), which encodes the principal
polar auxin transport regulator in the root [11].
Taken together, these results support the conclu-
sion that shoot-derived auxin promotes root growth
through enhancing gibberellin-mediated destabiliza-
tion of RGA. In line with this notion, removal of RGA
and the partially redundant GAI function from a ga1
background completely rescues the reduced root
growth caused by the ga1 mutation alone. Further-
more, the roots of these ga1/gai/rga triple mutants are
much less susceptible to reduction in the polar flow of
auxin. The growth promoting effect of auxin on
primary roots of Arabidopsis thus seems to be largely
mediated by gibberellin-triggered inactivation of GAI
and RGA.
As usual, new results answer old questions and
raise new ones. For instance, the rescue of the ga1
root growth defect by knocking out RGA and GAI is
similar to the situation in the stem. Although Fu and
Harberd [8] do not demonstrate that stem elongation
also involves modulation of gibberellin signaling by
auxin, they hint that their results could explain the
observation that stem elongation of gibberellin-defi-
cient pea plants could no longer be rescued by gib-
berellic acid application when the shoot tip — the
source of auxin — was removed [12]. One also
wonders whether the results are relevant for lateral
organ growth. The formation of lateral roots also
depends on auxin [13], and suspiciously GA1 is also
highly expressed in lateral root meristems [9].
It is also noteworthy that polar auxin flow in
Arabidopsis primary shoots suppresses the emergence
of side shoots. Booker et al. [14] have recently chal-
lenged the conventional view that this suppression is
due to shoot-derived auxin entering the buds of
dormant side shoots. Their experiments suggest this is
not the case, implicating a second messenger. It will be
interesting to see whether gibberellic acid works as a
henchman of auxin — perhaps not in the same manner
as described here — in this process as well. Finally, the
transcription factors SCARECROW (SCR) and SHORT
ROOT (SHR) are GRAS family proteins involved in the
establishment of the radial pattern of the root. As
reported recently, SCR and SHR are also required in
conjunction with auxin to maintain the ‘quiescent
center’ and specify the stem cells of the root meristem
[15]. It will be interesting to see whether the actions of
auxin, gibberellic acid, SCR, SHR, GAI and RGA con-
verge directly at one point to maintain root growth.
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